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PROBLEM TO BE SOLVED: To enable parallel access by shortening the waiting time of user access to 
the same data white effectively and efficiently using a magnetic tape cartridge with a little non-used areas 
concerning a magnetic tape storage device for performing magnetic recording while using the mass data 
recordable magnetic tape cartridge. 

SOLUTION: While also including a data area spread over plural cartridges CT1 and CT2 as the range of 
'variable virtual volume' (the managing unit of data having variable or fixed size corresponding to data 
capacity), this, virtual volume LV1 is handled similarly to the variable virtual volumes dividing one 
cartridge of magnetic tape as well and data are managed for the unit of these variable virtual volumes. 
Besides, by storing data while dividing them into plural cartridges and by preparing plural decks MTE1 
and MTE2, when the cartridges to be accessed are different, even in case of the same continuous data, 
the access from users more than two is enabled and parallel processing is performed. 
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(54) MAGNETIC TAPE STORAGE DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To enable parallel access by 
shortening the waiting time of user access to the same 
data while effectively and efficiently using a magnetic 
tape cartridge with a little non-used areas concerning a 
magnetic tape storage device for performing magnetic 
recording while using the mass data recordable magnetic 
tape cartridge. 

SOLUTION: While also including a data area spread over 
plural cartridges CT1 and CT2 as the range of 'variable 
virtual volume' (the managing unit of data having variable 
or fixed size corresponding to data capacity), this virtual 
volume LV1 is handled similarly to the variable virtual 
volumes dividing one cartridge of magnetic tape as well 
and data are managed for the unit of these variable 
virtual volumes. Besides, by storing data while dividing 
them into plural cartridges and by preparing plural decks 
MTE1 and MTE2, when the cartridges to be accessed are !. 
different, even in case of the same continuous data, the 
access from users more than two is enabled and parallel 
processing is performed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 

damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to magnetic tape storage, 
such as a magnetic tape unit which performs magnetic recording using the magnetic tape cartridge 
which can record mass data especially, or magnetic tape-library equipment, about magnetic tape 
storage. 
[0002] 

[Description of the Prior Art] In this kind and magnetic tape storage, although the magnetic tape 
for one cartridge of a magnetic tape cartridge was conventionally defined as 1 volume A magnetic 
tape one as a method of magnetic recording in recent years go and not only in the magnetic tape 
unit which carries out bidirectional record Since the capacity per cartridge of a magnetic tape 
cartridge — the magnetic tape unit which carries out a number round trip, and it is multi-track and 
a magnetic tape records is also considered — increased sharply, From the reasons of a deployment 
of a magnetic tape cartridge, the ease of data control, etc., the magnetic tape of one cartridge is 
virtually divided into two or more fields, and the method (it is called a virtual-volume method) 
which defines the one field as 1 volume is considered. 

[0003] When recording data with a large capacity on a magnetic tape cartridge so that it is 
unstorable in one cartridge, data are divided into a number cartridge (number volume), and are 
recorded continuously. The knot of a cartridge and a cartridge (volume and volume) is guaranteed 
by recording existence of continuous data and corresponding data, such as recognition 
information on volume. 

[0004] Moreover, although human being is able to carry out manually if there are few cartridges, 
management of a magnetic tape cartridge will be performed using software different from a 
magnetic tape subsystem, or library equipment, if the number of cartridges becomes hundreds of 
or more cartridges. 

[0005] Furthermore, the work which continues in order of the cartridge in a magazine, and 
records the mass data which attains to a number cartridge as work which uses an autochanger, the 
work which changes one cartridge of cartridges at a time a fixed period, and performs a certain 
regular backup of data (generation control of data) are mentioned. In this case, as for the 
cartridge in a magazine, one cartridge is treated as 1 volume. 
[0006] 

[Problem(s) to be Solved by the Invention] It has been a technical problem that there are few 
magnetic tape cartridges about a useless field, and they use up the magnetic tape for one cartridge 
effectively. In having made one cartridge of a magnetic tape cartridge into 1 volume for mass data 
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which are not especially restored to the magnetic tape for one cartridge like before at the 
magnetic tape cartridge, when it led, a light and a useless field will be increased on the magnetic 
tape after 2 cartridge eye. 

[0007] Moreover, when data are sequentially recorded from the head of a magnetic tape as a 
feature of a magnetic tape cartridge and a certain user has accessed the data in a magnetic tape 
cartridge, other users cannot access the same data and other data in the magnetic tape cartridge. 
Therefore, the latency time at the time of a user accessing will cut in many, so that there is much 
amount of data currently recorded. 

[0008] Then, one purpose of this invention is offering magnetic storage, such as a magnetic tape 
unit which can use the magnetic tape of a magnetic tape cartridge effectively without futility, and 
magnetic tape-library equipment. 

[0009] Other purposes of this invention are offering magnetic storage, such as a magnetic tape 
unit which shortens the access time to data and can use a magnetic tape cartridge efficiently, and 
magnetic tape-library equipment, in the magnetic tape unit which used the magnetic tape 
cartridge, and magnetic tape-library equipment. 
[0010] 

[Means for Solving the Problem] Mass data which have not been restored to the magnetic tape 
cartridge of one cartridge to a magnetic tape A light, When it leads, the magnetic tape of one 
cartridge is divided into fine "adjustable virtual volume" (management unit of the data which have 
an adjustable or fixed size according to data capacity), record on the adjustable virtual volume of 
a required number, or If one cartridge is recorded as 1 volume, about the control information for 
every volume, it will lead and, also in the volume management of a light, the part whose number 
of volumes increases, and a user, the time and effort other than data to record will become this 
thing. 

[001 1] Then, in this invention, it will think as a range of adjustable virtual volume also including 
the data area over two or more-cartridge two or more cartridges. Since the virtual volume of this 
extended wide sense by this invention as well as the adjustable virtual volume of the 
above-mentioned narrow sense which comes to divide the magnetic tape for one cartridge of a 
magnetic tape cartridge can be treated, management of data is performed per adjustable virtual 
volume. 

[0012] Moreover, if one mass data which followed the magnetic tape of one cartridge is recorded, 
by the time one user will occupy the data and other users access in the case of use, it will take 
time. Then, in the large thing over two or more cartridges, data divide a magnetic tape by the 
virtual volume of a size which can divide one cartridge into two or more fields, and divide and 
record one data on the magnetic tape of two or more cartridges. If the cartridges which also 
access the data of the same name differ when there are two or more sets of magnetic tape units, if 
data are recorded by this method, two or more users' access will be attained. That is, if the 
cartridge from which one data which continued by preparing two or more decks also differs is 
accessed, processing will become possible in parallel. 

[0013] When an autochanger is used, a control unit checks the knot of data, and a user becomes 
accessible by specifying only virtual volume, without being conscious of a cartridge. Moreover, 
when library equipment is used, by performing matching (management) of adjustable virtual 
volume and a magnetic tape cartridge with the control unit of a library and a magnetic tape, if the 
user is conscious only of volume, data can be accessed freely, and the burden to a user mitigates. 
[0014] 
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[Embodiments of the Invention] Hereafter, the gestalt of operation of the magnetic storage which 
performs control by the extended adjustable virtual volume of this invention is concretely 
explained mainly taking the case of magnetic tape-library equipment. 
[001 51 is the conceptual diagram having shown division storing in two or more cartridge 
cartridge of mass data, (a) hi the data Dl which have not been restored to the magnetic tape 1 1 
of one magnetictape-cartridge CT1, and signs that it is divided and stored m the rr^gne ic tape 
12 of another magnetic-tape-cartridge CT2 are shown. Even the midd e of the objec data Dl is 
stored in the tape 1 1 of a cartridge CT 1 as Dl-1 , and it is stored [ to ] m the tape : 12 of a 
cartridge CT 2 as remaining partial Dl-2 of data Dl are a magnetic tape 12 The field enclosed by 
the dotted line by which this data Dl is stored is called 1 virtual-volume L VI, and is treated as 1 
volume which is a unit on control. The virtual volume which stores data other bar i the ^data stored 
• by virtual-volume LV1 can be created, drawing, it considers as virtual volume LV2 and LV3, and 
data D2 and D3 are stored in the field in which the magnetic tape 12 remamed, respectively. 
[0016] Although in the case of (a) division storing is carried out and one data Dl 1 which has ; not 
been restored to one cartridge is set to 1 virtual-volume LV1 at two cartridges CT1 and CT2 it is 
also possible to treat the data which carried out magnetic recording ranging over three or more 

cartridges as 1 volume. , 
[0017] (b) shows signs that two data Dl and D2 are stored ranging over two cartridges CT1 and 
CT2 The remaining portions of data Dl and data D2 which even the middle is stored as D l -1 and 
D2-1 and are data Dl and data D2 at a cartridge CT 2, respectively are stored in the cartridge 
CT l'as Dl-2 and D2-2. The field enclosed by the dotted line also in this case is treated as 1 
volume, respectively, and is set to virtual-volume LV1 and virtual-volume LV2. Moreover, 
without adhering to 2 cartridge division storing like (b), data can be stored over a number 
cartridge and it can treat as the same volume. 

[0018] shows the format ofamagnetic tape 10. The cartridge control information 21 which 
consists of information, such as existence of a cartridge name, the number of virtual volume in a 
cartridge and a virtual-volume name, and empty area and an availability, is written at the nose of 
cam of a magnetic tape 10. The data area 23 by which the volume control irrforrnation 22 in which 
the virtual volume 20 on a magnetic tape includes information, such as a size of the vrtual volume 
concerned on a virtual-volume name and this magnetic tape 10, at the head is recorded, and 
records data after it continues. And the volume continuation information 24 which consists of a 
cartridge name in the case of following the information which shows whether virtual vohime 20 
follows [ whether it finishes with the cartridge and ] another cartridge, and is recorded is recorded 

on the last of virtual volume 20. • u- +• 

[0019] Table 30A of the management data of virtual volume which it has in (a) within a magnetic 
tape-library control unit is shown. The virtual-volume continuation information 35 such as 
information whether do the cell address 3 1 in which a cartridge is stored, the cartridge name 32 
and several 33 of the virtual volume currently further recorded in the cartridge, and the 
virtual-volume name 34 and virtual volume follow [ whether it finishes with the cartridge and ] 
another cartridge, and are recorded, and a cartridge name in the case of "continuing, is required as 
rZagement teL These information is arranged in order of the cell address, and is memorized as 

[0020]°(b) and (c) are what showed the managed tables 30B and 30C for controUing magnetic 

tape-library equipment efficiently, and are created based on managed table 30A of (a). 

[0021] (b) is correspondence managed table 30B of virtual volume and a magnetic tape cartridge, 
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and makes easy the check of the address on the number of partitions 37 when the virtual- volume 
name 36 is specified, the cartridge name stored, and a tape, and the information 38 on capacity. 
Tape control checks managed table 30B in response to the virtual- volume name specification from 
a user, and shows a user a cartridge name. A user will perform loading of a magnetic tape 
cartridge. 

[0022] (c) is managed table 30C of the cell in magnetic tape-library equipment, and makes easy 
the check of name 3a of the cartridge stored in the cell, existence 3b of empty area, and 
availability 3c. 

[0023] In addition, when managing virtual volume only by the magnetic tape unit, without using 
magnetic tape-library equipment, management of virtual volume is enabled because the software 
for tape control or virtual-volume management creates and manages these managed tables 30A, 
30B, and 30C. However, since the cell address becomes unnecessary as data, it deletes. 
[0024] shows the processing flow of division storing in two or more cartridges of the mass data 
shown by . However, this flow is processing with magnetic tape-library equipment, and a 
magnetic tape-library control unit performs it. 

[0025] 404 which will progress to processing 403 if it is 402 and the new light which are judged 
by managed table 30B as which inputted the virtual-volume name on the occasion of the data light 
directions from a user, and 401 and it indicated a new light or rewriting to be by (b), refers to the 
size of data to check and carry out the light of the empty area and availability of a magnetic tape 
cartridge from the managed table of (c), and determines division of virtual-volume capacity and 
virtual volume, and the existence of ** data after acquiring the cell address from the name of 1 
Motome's magnetic tape cartridge, loading, carrying out the light of 405 and the magnetic tape 
and completing 406 and the light processing by the magnetic tape — checking - 407 — if it is, the 
empty area and availability of a magnetic tape cartridge will be checked, the following tape will be 
selected from managed table 30C of (c), the light of the continuation information will be carried 
out to 408 and a magnetic tape, a managed table will be updated, and processing 
[0026] if there are no ** data in the judgment step 407 — a magnetic tape — continuation 
information — a light — carrying out — a managed table — updating — 416 — it ends A cartridge 
name and the cell address are acquired from managed table shown by (b) when coming to rewrite 
in case of judgment 30in processing 402 B, and it progresses to 41 1 and light processing of a 
magnetic tape. A different point from a new light is 415 which it is processing when becoming 
larger than the data which the data to rewrite rewrote and were stored before, and changes 
virtual-volume capacity, checks the empty area and availability of a magnetic tape cartridge, and 
selects the following tape from 414 and managed table 30C of (c) when the first virtual-volume 
capacity has been exceeded. 

[0027] It is better for selection of the following tape to have chosen what has the cell address, a 
cartridge name near if possible, or both near if possible here in consideration of the time of 
magnetic tape-library equipment being downed and human being having to stop having to work. 
[0028] In addition, when doing this work by the magnetic tape unit, as explanation of also 
described, it becomes possible by creating and managing the managed table except the cell address 
with the software for tape control or virtual-volume management. 

[0029] is what showed notionally the whole magnetic tape-library equipment composition which 
carried out this invention, and is shown focusing on the data division into two or more magnetic 
tape cartridges, and management with magnetic tape-library equipment and the example of a 
parallel access. 
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[0030] First, about data division, it divides into four cartridges of the cartridges [ CT / CT and / 4 
] 1 by the division method which showed the data Dl for magnetic-tape-cartridge 1 cartridge to 
(b), and is referred to as virtual- volume LV1 . The cartridges [ CT / CT and / 4 ] 1 are stored in 
the cartridge storing cell frame 52 of magnetic tape-library equipment 50. 
[0031] On the other hand, magnetic tape-library equipment 50 becomes the robot 51 which 
conveys magnetic-tape-cartridge CT, the cell frame 52 which stores magnetic-tape-cartridge CT, 
the deck (magnetic tape unit) MTE1 which drives magnetic-tape-cartridge CT, and MTE2 row 
from the magnetic tape-library control unit 54 which controls them. 
[0032] Fundamental control of the magnetic tape-library control unit 54 is carrying out 
management 55 by having a position within the cell frame of a cartridge, and each matching of 
virtual volume and cartridge in nonvolatile memory as data. That is, the magnetic tape-library 
-control unit 54 accesses automatically with reference to management data only by specification of 
a user's volume. 

[0033] Next, the movement of a cartridge when two users carry out to the same data at access is 
drawn on the lower left. A solid line 57 shows the movement of a cartridge CT 1 , and a dotted 
line 58 shows the movement of a cartridge CT 2. Supposing a user 1 uses the deck MTE1 now, a 
user 2 uses the deck MTE2 and a user 1 accesses previously, first, a cartridge CT 1 will be moved 
and loaded to the deck MTE1 by the robot 5 1 in magnetic tape-library equipment 50, and will be 
accessed by 57 and data. A cartridge CT 1 is 57 moved and loaded to the deck MTE2 by the 
robot 51 after access ending on the deck MTE1. 58 to which it is moved to the deck MTE1 by 
the robot 5 1 , and a cartridge CT 2 is loaded by him after the access start of the cartridge CT 1 in 
the deck MTE2. A cartridge CT 1 is 58 which is returned to the original position of the cell frame 
52, and 57 and a cartridge CT 2 are moved to the deck MTE2 after access ending on the deck 
MTE1, and is loaded after access ending on the deck MTE2. This procedure is similarly 
performed about cartridges CT3 and CT4, and the parallel access to the same data advances. 
[0034] shows the flow of the parallel-access processing to the data over two or more cartridges 
in magnetic tape-library equipment 50. It is 603 which acquires the cell address, a cartridge name, 
and virtual-volume continuation information by table 30A which 601 and the magnetic 
tape-library control unit 54 acquired the name of virtual volume with the access demand when the 
access demand to data from a user occurred, and was shown by 602 and (a). And 604 to which 
the user whose magnetic tape cartridges on which the target virtual volume was recorded are 
others checks whether it is under [ use ] ********. 608 which goes to control 606 and a robot 51 
and to take a cartridge after going into a waiting state if it is not in the state where a cartridge is 
free, and checking the current position of a cartridge, if it is in 605 and a free state. 
[0035] 610 which acquires 608 and the continuation information on virtual volume, and starts 609 
and unload processing of a cartridge after a cartridge is moved and loaded to the deck of user use 
by the robot 5 1 and a data access is completed by 607 and the user. It is 614 which waits for 
movement of the cartridge by directions of 613 and other users after holding 61 1 and a cartridge 
in the state of unload completion when other users are in the free waiting state of this cartridge, 
and performing the free report of 612 and a cartridge. 617 which will return 615 and a cartridge 
to the original cell and will perform the free report of 61 6 and a cartridge if there is no free 
waiting state of the cartridge by other users, and the existence of the cartridge of the continuation 
information on virtual volume to a degree — judging — 61 8 - if it is — processing of the following 
cartridge ~ moving --619 and 620 which will end processing if there is nothing In addition, when 
performing this processing only by the magnetic tape unit, the user itself will perform conveyance 
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of a cartridge. 
[0036] 

[Effect of the Invention] Like, according to this invention, virtual volume can be packed, mass 
data can be recorded as the free space of a magnetic tape decreases by thinking also including the 
data area over two cartridges or two or more cartridges described above as a range of adjustable 
virtual volume to a magnetic tape when it leads, a light and, and an intact portion can be 
effectively used for magnetic-tape-cartridge 1 cartridge efficiently few. And it becomes possible 
by using such adjustable virtual volume to perform management of data per virtual volume. 
[0037] Moreover, in the large thing over two or more cartridges, it divides and records on two or 
more cartridges, and data are preparing two or more sets of magnetic tape units, and two or more 
users' access of them is attained at the data of the same name. That is, parallel-access processing 
of sequential data is attained and -the latency time is that a user accesses to a bird clapper small. 
[0038] Furthermore, if the control unit in magnetic tape storage, such as magnetic tape-library 
equipment or a magnetic tape unit, or administrative software performs management of a 
cartridge and virtual volume using this control system, a user can do access to data required only 
by specifying volume, without caring about a cartridge. 



[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1] Magnetic tape storage characterized by having the control means which also manage 
the field over one cartridge or two or more cartridges as one virtual volume in the magnetic tape 
storage which divides, records and manages the magnetic tape of one cartridge to the virtual 
volume of two or more variable capacity smaller than magnetic tape capacity. 
[Claim 2] Magnetic tape storage according to claim 1 which divides one virtual volume into two 
or more variable capacity smaller than the virtual volume, and is characterized by having the 
control means which assign and manage the divided virtual volume ranging over the magnetic 
tape of two or more cartridges. 

[Claim 3] The capacity of the aforementioned virtual volume is magnetic tape storage according 
to claim 1 or 2 characterized by being the virtual volume which was determined by capacity of 
each data to record and was made in variable capacity. 

[Claim 4] The aforementioned control means are magnetic tape storage according to claim 1 to 3 
characterized by managing data per virtual volume. 

[Claim 5] Magnetic tape storage according to claim 4 characterized by the aforementioned control 
means performing the parallel access to the same data by recording data on the magnetic tape of 
two or more cartridges. 
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